In an electromechanical which-path device electrons travelling through an AharonovBohm ring with a quantum dot in one of the arms are dephased by an interaction with the fundamental flexural mode of a radio-frequency cantilever, leading to a reduction in the visibility of interference fringes. However, at finite temperatures time-averaged measurement of the current leads to a fringe visibility which is reduced partly by dephasing of the electrons and partly by a thermal smearing effect.
In a which-path experiment an external measuring device is used to probe for the presence of a particle in one of two interfering paths which the particle can take. Complementarity requires that any knowledge gained about the path taken by a particle must be accompanied by a loss of interference fringe visibility, thus which-path systems provide an ideal testing ground for theoretical ideas about dephasing. In the solid-state an Aharonov-Bohm (AB) ring may be used to produce interfering paths for electrons; which-path measurements can then be performed by incorporating a quantum dot on one arm of the ring and introducing an external device which couples to the occupancy of the dot (i.e. by an electrostatic interaction). Buks et al. [1] demonstrated a solid-state which-path device by using the current through a quantum point contact adjacent to the dot to probe the dot's occupancy.
Recently, we developed a theoretical model to describe an electromechanical version of the which-path experiment [2] . We considered a system consisting of an AB ring with a quantum dot on one arm, similar to that used by Buks et al., but with a cantilever positioned so that its tip lies just above the dot as opposed to a quantum point contact. If the cantilever is at a high enough voltage with respect to the dot then it can act as a which-path detector: the presence (and absence) of the additional electron on the dot in the Coulomb blockade regime couples to the flexural modes of the cantilever. It turns out that at sufficiently low temperatures only the lowest flexural mode of the cantilever is relevant and so it can be treated as a single-mode quantum oscillator.
In the theory, we assumed that the cantilever was initially in a thermal mixture of states so that the overall fringe visibility is obtained by summing over the elastic transmission for a complete set of cantilever states [2] . The reduction in fringe visibility which we obtain from the thermally weighted average is composed of two parts: the magnitudes of the elastic transmission for each cantilever state are reduced by the dephasing caused by the cantilever and the phase of the transmission differs for each cantilever state. When the average is taken the phase differences cause a further reduction in magnitude (an effect which we term thermal smearing). Thus in calculating the thermally averaged transmission, we can predict the time-independent fringe visibility, but we are not able to predict how much dephasing the cantilever causes. Here we investigate the distinction between contributions to the reduction in interference fringe visibility from the cantilever-induced dephasing of the electron and thermal smearing. We calculate the elastic transmission for the cantilever initially in a pure Fock state, as well as the case where the cantilever is in a pure coherent state which we considered before. The dephasing induced by the cantilever is strongly dependent on the state it is in, but a thermal average leads to a unique result and so does not of itself give complete information about the dephasing induced by the cantilever.
The key quantity in the theory is the elastic transmission amplitude of the arm containing the dot, t QD (ǫ) , for a given electron energy in the leads, ǫ, since it determines the visibility of the interference fringes. For a cantilever in the pure state |a , the elastic transmission takes the form
where /Γ is the characteristic dwell time of the electron on the dot, ǫ and ǫ 0 are the energies of the electrons incident on the dot and the relevant energy level in the dot respectively, and the cantilever dependent term is
where c operates on the fundamental flexural mode of the cantilever with frequency ω and λ is the strength of the (linear) coupling between the cantilever and the electron on the dot.
The value of the elastic transmission is strongly dependent on the state of the cantilever. For a pure coherent state, |ν , the cantilever dependent part of the transmission, Φ(t) , takes the form [2] ,
where µ = e iω 0 t − 1. In contrast, if the cantilever is in a Fock state |n then Φ(t) is given by [3] 
where L n (x) is a Laguerre polynomial of order n.
For given values of the electron energies and lifetimes on the dot, the elastic transmission is a function of the cantilever's state and the strength of the cantilever-dot coupling, λ. When there is a finite coupling between the cantilever and the dot, the transmission amplitude is reduced in magnitude and receives a phase shift (i.e. a finite argument). The reduction in magnitude is readily interpreted as dephasing of the electron, but it can also be associated with the detection by the cantilever of the path taken by the electron.
The thermally averaged elastic transmission is independent of the basis in which the average is performed, but when we examine the terms that contribute to the average, the balance between dephasing and thermal smearing varies considerably. In the Fock basis, the phase shift induced by the cantilever 
